The ovaries of a 48-year-old chimpanzee each contained a large bilateral fibrothecoma. A 39-year-old chimpanzee had two small fibrothecomas in one ovary and a well-differentiated Sertoli-Leydig cell tumor in the other; there also was adenomatous hyperplasia of the endometrium. Both animals had extensive thecal hypertrophy in the ovaries. Thecal hypertrophy might have been a source of excessive estrogen and could have been a partial cause of the ovarian tumors.
Although information on spontaneous tumors in anthropoid apes is scarce [6] , the subject is of interest because of the close phylogenetic affinity between apes and man. Tumors of the female chimpanzee reproductive tract that have been recorded are leiomyoma in the uterine cervix of a 35-year-old chimpanzee [6] ; uterine leiomyoma in a 23-year-old chimpanzee; two leiomyomas in two chimpanzees more than 44-years-old [8] ; a carcinoma of the uterus in a young chimpanzee [6] ; adenocarcinoma in situ of the endometrium of a 22-23-year-old chimpanzee [4] ; and a leiomyoma and an endometrial stromal tumor in the uterus of a 25-year-old chimpanzee [10] . We here report a Sertoli-Leydig cell tumor and ovarian fibrothecomas in two aged chimpanzees (Pan troglodytes).
Clinical History
Chimpanzee A was a female that had been in the colony of the Yerkes Primate Center, Atlanta, Ga., for 46 years; she was estimated to be 48-years~0Id. She had regular menstrual cycles until her death. She had had 11 term pregnancies and each produced a living infant; her last delivery was at age 30. Later attempts to breed her were unsuccessful. Fourteen hours before death, she was found semi-comatose and had bilateral nystagmus. The right pupil was fixed, and the right side of her face was slightly distorted and frequently twitched. Systolic blood pressure was 220 mm Hg, and attempts to reduce this were only partially successful. The cerebrospinal fluid had 6000 red blood cells per cubic millimeter and excess protein. Respiratory arrest and death occurred 14 hours after initial signs. The diagnosis was cerebral hemorrhage.
Chimpanzee B was a healthy 38-year-old laboratory-born female. She had a history of seven pregnancies, with the last six resulting in live births. She last gave birth at age 28, and although she had regular menstrual cycles until at least 1 year before death, further attempts to breed her were unsuccessful. A year before death, she was donated to another laboratory and menstrual cycle records ceased. After death, which occurred as a result of an experiment, Bouiri's-fixed tissues were shipped to the Yerkes Primate Center.
Materials and Methods
Paraffin sections of all the thoracic and abdominal organs, including ovaries, oviducts, uterine corpus, uterine cervix and vagina, were stained with hematoxylin and eosin (HE). Ovaries were sliced into 4-millimeter blocks, and HE-sections prepared from each block. Selected sections were stained with azan trichrome and with periodic acid-Schiff (PAS).
Results
At necropsy chimpanzee A had congestion of the cerebral vessels, extensive superficial hemorrhage over the brain stem, and a massive blood clot that filled the ventricles. In addition, evidence of severe atherosclerosis was noted in the aorta. The ovaries appeared normal and had some folding of the surface, which is characteristic of aged individuals.
Histological evidence of advanced age in chimpanzee A included atherosclerosis and medial thickening of medium sized arteries, atherosclerosis with focal calcification of the aorta, a depleted lymphoid cell population and absence of active germinal centers in the spleen, and large amounts of pigment, presumed to be lipofuscin, in liver cells, heart, brain and adrenal gland.
Both ovaries of chimpanzee A had a central, ovoid mass of dense connective tissue interspersed with individual or nests of large, pleomorphic mononuclear cells ( fig. 1 ). These lesions had almost completely replaced the medulla and had impinged on the cortex and replaced it in some areas ( fig. 2 ); in one ovary the lesion reached the germinal epithelium. The lesions measured 10-14 millimeters in diameter. Some parts of the medullary lesions appeared to be surrounded by a thick layer of fibrous tissue which stained with aniline blue in sections stained with Azan trichrome, while other areas blended imperceptibly with ovarian cortical tissue. Parts of the tumor consisted predominantly of dense, aniline blue-positive, collagenous fibrous tissue with scattered interspersed single or small groups of somewhat pleomorphic, round cells ( fig. 1 ). In other areas the tumor was composed of diffuse sheets of tumor cells with inconspicuous amounts of fibrous tissue. Yet even in these areas, individual and small groups of cells were surrounded by delicate strands of fibrous material. The tumor cells were irregular in size and shape and had lightly eosinophilic to clear cytoplasm. Cell borders were often indistinct. Mitoses were not seen.
The ovarian cortex was dense and fibrous; mostly it had a flat surface epithelium interrupted by a few invaginations. There were a few scattered primary and secondary follicles and many atretic antral follicles up to 3 millimeters in diameter which had hypertrophic and hyperplastic theca interna ( fig. 3 ). Many follicles in advanced stages of atresia and resorption were throughout the cortex; these were also associated with persistent hypertrophic theca interna cells. Groups of intersti- tial cells, morphologically identical with the persistent thecal cells of atretic follicles, were scattered throughout the stroma. In some areas these interstitial cells were numerous enough to justify the term hyperplasia.
The right ovary had a large protruding corpus luteum about 1 centimeter in diameter. Its outline was convoluted and invaginating septa of connective tissue were associated with theca lutein cells and a rich vascular network. The corpus luteum had a well defined central cavity filled with a network of fibrin in which organization had begun at the periphery. This was consistent with sex cycle records that indicated ovulation had occurred 5-7 days earlier. Old corpora lutea were recognizable in both ovaries. Cortical and medullary blood vessels had thick walls. No hilus cells were found. Other genital tissues were essentially normal. The uterine corpus had a midsecretory endometrium and minor adenomyosis.
The fixed tissues from chimpanzee B were grossly unremarkable, except for a 0.5 x 0.5 x 1.2 centimeter endometrial polyp. A small amount of pigment, presumed to be lipofuscin, was found in sections of cardiac muscle from the left ventricle.
Two small, circumscribed nearly round nodules with diameters of 0.50 and 1.68 millimeters were found in sections of the left ovary of chimpanzee B; histologically these closely resembled the bilateral medullary lesion in the ovaries of chimpanzee A (fig. 4 ). The lesions were in the medulla; one was near the cortex.
The right ovary had a small circumscribed Sertoli-Leydig cell tumor. The ovarian cortex closely resembled that of chimpanzee A; thecal hypertrophy and atresia were again prominent, as was sclerosis of the vessels. There were a few primary follicles, but growing follicles were rare. In neither case was cortical atrophy advanced.
The Sertoli-Leydig cell tumor was 4.0 millimeters in diameter and had highly differentiated tubular and interstitial cells. The columnar Sertoli cells were arranged in simple or compound tubular clusters, frequently with a central core of PAS-positive and aniline blue-positive material. The interstitium contained many Leydig cells which were round to polyhedral with large round nuclei ( fig. 5) .
The uterus and endometrial polyp of chimpanzee B had a pattern of adenomatous hyperplasia, with numerous closely packed, frequently ramifying, occasionally dilated glandular spaces ( fig. 6 ). The epithelium had a late proliferative pattern, with regularly arranged, palisaded or occasionally pseudostratified epithelial cells. Neoplastic changes were not evident. Other reproductive tissues were unremarkable. The vaginal epithelium lacked extreme cornification but was not atrophic.
Discussion
The evidence presented here indicates that a 48-year-old chimpanzee (A) was at an advanced biological age, although she continued regular menstrual cycles. It is not possible to state if these cycles were fertile, although the failure of repeated attempts to breed her suggested that they were not. Chimpanzee B, aged 38, was still cycling regularly when last observed 1 year before death, although attempts to breed her were also unsuccessful. In both chimpanzees ovarian senescence was advanced, as indicated by vascular sclerosis, reduced number of follicles and a folded surface. Although definitive data have not been published, work in progress in this laboratory indicates that chimpanzees die of natural causes before the 50th year of age, without cessation of menstrual cycles.
Identification of our chimpanzee tumors is based on comparison with reports on human material. The chimpanzee Sertoli-Leydig tumor had highly differentiated Sertoli and Leydig cells. It is unusual for both types of cell to be highly differentiated in the same human tumor [9] .
Identification of the fibrothecomas was more difficult because these tumors lack distinctive morphology. Fibromas and thecomas frequently are indistinguishable, especially without fat stains, which we did not have because our material was infiltrated with paraffin. Some authorities believe that ovarian fibromas and thecomas are variants of a single type of neoplasm and should be classified collectively as fibrothecomas [1, 11] . The chimpanzee tumors we describe have characteristics of both tumor types, a dense fibrous component and areas of cells with sparse cytoplasm that probably are inactive thecal cells. We feel, therefore, that they are best classified as fibrothecomas.
The possibility of a causal relationship between the different coexisting lesions in our chimpanzees deserves consideration. Both animals had frequent atretic follicles, thecal hyperplasia and hypertrophy, and fibrothecomas. Chimpanzee B also had a Sertoli-Leydig tumor and adenomatous hyperplasia. The uterine hyperplasia suggests chronically elevated estrogen levels, possibly as the result of endocrinological activity of the ovarian tumors. Sertoli-Leydig tumors, however, are rarely feminizing [5, 7] . Although fibrothecomas occasionally are associated with endometrial hyperplasia in man, more frequently they have masculinizing effects [9] . It is unlikely that the fibrothecomas were a significant source of estrogen in our two chimpanzees since the thecal cells in the tumors were not hypertrophied.
The hypertrophied persistent thecal cells associated with atretic follicles in our chimpanzees were the most likely source of overabundant estrogen secretion. The theca interna of the normal ovulatory follicle is considered to be a primary source of estrogen. It has been reported that a 23-year-old chimpanzee had widespread follicular atresia, thecal hypertrophy and adenomatous hyperplasia of the endometrium [4] as in our chimpanzee B. Although the author regarded the adenomatous hyperplasia as having progressed to the point of adenocarcinoma in situ, other authorities disagree [4] . These two cases support the hypothesis that thecal hypertrophy in chimpanzees can be associated with hyperestrogenism and endometrial hyperplasia. Thecal hypertrophy is not a characteristic only of aged chimpanzees, since we have seen it in two younger chimpanzees [3] . The association of ovarian tumors and thecal hypertrophy in our two aged chimpanzees suggests, however, that prolonged, excessive estrogen secretion was a factor in the cause of the ovarian neoplasms.
The ovarian tumors described here morphologically resemble fibrothecomas and Sertoli-Leydig tumors in man, as would be expected on the basis of phylogenetic affinity.
